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ABSTRACT 36 
 It is relatively less known whether changes in maternal overweight and obesity from pre-37 
pregnancy to two decades postpartum predict the body mass index (BMI) of adult offspring . We 38 
have examined whether long-term changes in maternal BMI are associated with offspring BMI 39 
using a subsample of 1997 mother-offspring pairs from the 7223 original cohort of women who 40 
gave birth in Brisbane, Australia, between 1981 and 1984. Multiple linear regression and 41 
multinomial logistic regression were used to examine the relationship between change in 42 
maternal BMI from pre-pregnancy to 21 y postpartum and offspring BMI at 21 y, adjusting for 43 
potential confounding factors. At 21 y postpartum, 31.15% mothers were overweight and a 44 
further 30.80% were obese. Mothers gained a mean weight of 16.07 kg over 21y. We found that 45 
the offspring of mothers who became overweight, or remained overweight at 21 y postpartum 46 
were at greater risk of being overweight and obese at 21 years. In the adjusted model, offspring 47 
of mothers who had normal BMI before pregnancy but became overweight by 21 y postpartum 48 
were 1.72 (95%CI= 1.20,2.47) times more likely to be overweight. Compared to offspring of 49 
mothers who maintained normal weight over two decades, offspring of mothers who remained 50 
persistently overweight were 5.39 (95%CI= 3.50,8.30) times more likely to be obese by age 21 y. 51 
The findings of this study suggest that long-term changes in maternal BMI from pre-pregnancy 52 
to 21 y postpartum are independently associated with BMI in their young adult offspring. 53 
Key words: maternal overweight, offspring obesity, BMI change 54 
55 
This is a post-print version of the following article: Mamun, Abdullah A., O'Callaghan, Michael J., 
Williams, Gail M. and Najman, Jake M. (2012) Change in maternal body mass index is associated with 
offspring body mass index: a 21-year prospective study. European Journal of Nutrition, 52 6: 1597-1606. 
©Springer 
INTRODUCTION 56 
Emerging evidence suggests that parental obesity is an important risk factor for an increased risk 57 
of obesity in childhood and adulthood 1-4. Recent prospective studies have reported that children 58 
of obese mothers are more likely to be overweight and obese 5 6 and that maternal BMI is an 59 
important risk factor for youth overweight and obesity 7. Also, the role of pre-pregnancy 60 
maternal obesity as a predictor of obesity in preschool children has been identified 3. Mothers 61 
who are overweight/obese 36 months after the birth of their offspring tend to be more likely to 62 
have a 3 year-old child who is overweight 8. A three year follow-up study has suggested that 63 
reducing parental weight  may lead to a reduction in  offspring adiposity 9. The results from a 64 
randomized controlled trial have also found that changes in parental BMI are significant 65 
predictor of change in child BMI over 6 and 24 months 10.  66 
 Changes in parent behavior have been found to impact on the child’s weight related 67 
behaviors 11. However, whether it would be useful to advocate family based strategies for 68 
reducing the BMI of obese children is not yet clear, partly because the effect of change in 69 
maternal BMI on the weight status of children is not well documented. It has been suggested that 70 
changes in maternal BMI, even over a short period of time, may have a role in determining BMI 71 
in the offspring. However, it is unknown whether changes in maternal BMI over a longer period 72 
of time, for example from pre-pregnancy to two decades postpartum, have any impact on their 73 
young adult’s offspring BMI. 74 
The aim of this study is to examine whether changes in maternal BMI from pre-75 
pregnancy to two decades postpartum predict offspring BMI and its categories at 21 years; 76 
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specifically to prospectively determine whether maternal weight gain is associated with similar 77 
changes in offspring’s BMI. 78 
MATERIALS AND METHODS 79 
Study Design and Participants 80 
Data used are from the MUSP, a mother-offspring pair cohort that  began during 1981-81 
1984, when mothers were on average 18 weeks of gestation during their FCV at the Mater 82 
Mothers Hospital in Brisbane, Australia 12 13. The birth cohort comprised 7223 women who had 83 
singleton births at the study hospital and these mothers and their offspring have been followed-84 
up prospectively, with assessments at 6 mo and  at 5, 14 and 21 y after the birth. The present 85 
analyses are limited to 1997 mothers for whom complete data was available on their pre-86 
pregnancy BMI, BMI at 21 y postpartum and their offspring’s BMI at the 21 y follow-up.  87 
Informed consent from the mothers was obtained for all phases of data collection. Ethics 88 
committees at the Mater Hospital and the University of Queensland approved each phase of the 89 
study. Full details of the study participants and measurements have been previously reported 12 90 
13. 91 
 The main predictor in this study is maternal BMI change from pre-pregnancy to 21 y 92 
postpartum (including absolute change as well as change of maternal BMI categories), while 93 
offspring BMI and its categories at 21 y are outcomes. 94 
Offspring body mass index  95 
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Young adult’s height at 21 y was measured without shoes using a portable stadiometer to the 96 
nearest 0.1 cm. Respondent weight was measured in light clothing with a scale accurate to 0.2 97 
kg. Two measures of weight and height were taken and the mean of these two measures was used 98 
in all analyses. BMI (weight in kilograms divided by the square of height in meters i.e. kg/m2) 99 
was categorized into normal (BMI<25kg/m2), overweight (BMI=25-29 kg/m2) and obese 100 
(BMI≥30 kg/m2) using the WHO classification of BMI cut-offs 14. 101 
 102 
Maternal body mass index 103 
Maternal pre-pregnancy BMI was calculated based on maternal measured height at the FCV of 104 
pregnancy and self-reported pre-pregnancy weight, which was recorded at the study initiation 105 
from maternal questionnaires. Maternal BMI at FCV was calculated based on the measured 106 
height and weight at that visit. There was a high correlation between maternal estimate of pre-107 
pregnancy weight and measured weight on the FCV (Pearson’s correlation coefficient = 0.95).  108 
The mother’s height was measured without shoes using a portable stadiometer to the nearest 109 
0.1cm. Weight was measured in light clothing with a scale accurate to 0.2 kg. Two measures of 110 
weight and height were taken with a five minute interval and the mean of these two measures 111 
was used in all analyses. Like offspring BMI, maternal BMI was categorized into normal, 112 
overweight and obese using the WHO classification of BMI cut-offs 14. However, for the purpose 113 
of the main analyses and to increase statistical precision, maternal BMI was dichotomized as 114 
normal or overweight (including obese category). Change in maternal BMI from FCV to 21 y 115 
postpartum was calculated by subtracting FCV BMI from 21 y BMI. Similarly, change in 116 
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maternal BMI from pre-pregnancy to 21 y postpartum was calculated by subtracting pre-117 
pregnancy BMI from 21 y BMI. Combining pre-pregnancy  and 21 y postpartum BMI 118 
categories, four possible patterns are considered: (a) Normal BMI before pregnancy and 21 y 119 
postpartum; (b) Normal BMI before pregnancy  but overweight at 21 y postpartum; (c) 120 
overweight before pregnancy  but normal at 21 y postpartum and (d) overweight at both times. 121 
 Confounding factors 122 
The following maternal and child characteristics were considered to be potential confounding 123 
factors on the basis of a priori knowledge 15,  and their association with maternal BMI change 124 
and offspring BMI. Available potential confounders were maternal age at birth (in years), 125 
offspring sex, maternal educational attainment (did not complete secondary school, completed 126 
secondary school, completed further/higher education)  and maternal pre-pregnancy consumption 127 
of cigarettes. At the FCV, the mean age of mothers was 25 (range: 13 to 47) y.  Mothers were 128 
asked, “How many cigarettes did you usually smoke per day before you became pregnant?” For 129 
the analysis purpose, we categorized their response as none, 1-19, or 20 or more per day.   130 
 Birth weight, duration of breastfeeding, TV watching, sports participation and family 131 
attitude to eating together were considered as possibly confounding factors for the association 132 
between maternal BMI change and offspring BMI. Child birth weight (in grams) was as recorded 133 
in the obstetric record of the birth.  Duration of breastfeeding was obtained at the 6 mo 134 
postpartum and was categorized as never, <4 mo or 4 months or more. Child TV watching and 135 
sports participation data were obtained from the maternal report at the 14 y follow-up.  Mothers 136 
reported the amount of time their child spent watching television (<1 h per day, 1 to <3 h per 137 
day, 3 to <5 h per day and 5 or more h per day) and the amount of time children spent on sports 138 
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or exercise (d 4-7 per w; d 0-3 per w). At the 14 year follow-up, the mothers were asked how 139 
important  it was that the family ate together and was given the response options: very important, 140 
quite important and not really important. We used this as a measure of shared family meals 16. 141 
Statistical analyses 142 
We compared both the sub-sample of respondents who were followed-up using a questionnaire 143 
(N=3775) to those not followed-up at 21 y and those completed physical assessments (N=2181) 144 
to those not followed-up at 21 y who had BMI and socio-demographic information at the first 145 
clinic visit. Adjusted odds ratios of not being followed up at 21 y were estimated using multiple 146 
logistic regression. 147 
Descriptive analyses (% for categorical data; mean±SD for continuous data) of the 148 
maternal and offspring characteristics (as described before) are presented by maternal body mass 149 
index change categories from (pre-)pregnancy to 21 y postpartum. Any statistically significant 150 
differences of these characteristics by offspring BMI are tested using F-tests for continuous 151 
variables and Chi-square tests for categorical variables.  Because few women (only 5) were in 152 
the category of 'overweight before pregnancy but normal at 21 y postpartum', we have excluded 153 
them from the analyses.  154 
Statistical evidence for a difference in effect between males and females was assessed by 155 
computing a likelihood ratio test of the interaction with sex.  As we found no statistical evidence 156 
that the effect differed between the sexes, results are presented for males and females combined. 157 
 Based on the scatter plot of maternal BMI change and offspring BMI at 21 y, we found 158 
the association approximated a linear relationship. We also examined the non-linearity of the 159 
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association using restricted cubic spline regression models including potential confounders and 160 
found no non-linear relationships (P>0.20). 161 
Multiple linear regressions are used to examine the association of change in maternal 162 
BMI (absolute change and overweight patterns) from pre-pregnancy to 21 y postpartum with 163 
offspring BMI at 21 y.  Results are presented for unadjusted and adjusted for potential 164 
confounding factors. Results are presented as regression coefficients or mean difference (with 165 
95% Confidence Interval) in offspring BMI at 21 y. Similarly, multinomial logistic regressions 166 
are used to estimate the unadjusted and adjusted odds of being overweight and obese at 21 y with 167 
the change in maternal BMI and its categories from pregnancy to 21 y postpartum. 168 
We have presented significant P values to three decimal places and non-significant P values are 169 
reported to two digits past the decimal.  170 
 All analyses were undertaken using Stata version 11.0 (Stata inc., Texas) 171 
 172 
Results 173 
We found that offspring who were not followed-up at 21 years either using a questionnaire or by 174 
conducting physical assessments including BMI, were more like to have  younger mothers, with 175 
less education and lower income, to have had marital break-downs and be depressed  as well as 176 
having Asian or Aboriginal-Islander background (all P<0.05). The loss to follow-up was not 177 
associated with maternal pre-pregnancy BMI (supplementary Table 1).  178 
Of 1997 women, 11.02% were overweight and 3.91% were obese before pregnancy. At 179 
21 y postpartum, 31.15% mothers were overweight and a further 30.80% were obese. Mothers 180 
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gained a mean of 16.07 ±11.79 kg over 21 y and their mean BMI changed from 21.82 kg/m2 181 
before pregnancy to 27.89 kg/m2 at 21 y postpartum. At 21 y, overall, 21.38% of offspring were 182 
overweight and a further 11.52% were obese. 183 
 Maternal anthropometric measures including pre-pregnancy, FCV and 21 years 184 
postpartum weight, BMI and change in BMI were associated with the change in maternal BMI 185 
categories (all P<0.01) (Table 1 and Table 2).  Maternal age at FCV, education level, smoking 186 
cigarettes before pregnancy, and breastfeeding were associated with maternal BMI categories 187 
change (Table 1). Offspring birth weight and their TV watching at adolescence were associated 188 
with maternal BMI change (Table 2).  189 
 The association of changes in maternal BMI and its categories from pre-pregnancy or 190 
pregnancy to 21 y postpartum of the index pregnancy with mean difference in offspring BMI at 191 
21 y is presented in Table 3. Mean differences or regression coefficients (with 95% confidence 192 
interval) are presented for 1809 offspring for whom we have available data for all variables 193 
included in the adjusted model. In the unadjusted model, for one unit increase in absolute mean 194 
difference of maternal BMI over 21 y, offspring BMI increased by 0.12 (95%CI=0.07,0.17) 195 
kg/m2 at 21 y. Similarly, when we considered the maternal BMI change from FCV to 21 y 196 
postpartum, the offspring BMI increased at the same rate.  For mothers who became overweight 197 
and  remained  overweight at 21 y postpartum, their offspring have 1.28 (95%CI=0.83,1.74)  and  198 
3.43 (95%CI=2.80,4.06) units higher BMI at 21 y follow-up compared to the offspring of those 199 
women who maintained normal weight. All these associations remained robust and statistically 200 
significant after adjusting for potential confounding factors. 201 
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 The association of the change in maternal BMI and its categories from pre-pregnancy or 202 
FCV to 21 y postpartum of the index pregnancy with offspring overweight and obesity at 21 y is 203 
presented in Table 4. The odds of being overweight and obese are 1.04 (95%CI=1.02,1.07) and 204 
1.05 (95%CI=1.01,1.08) respectively, for one unit increase in maternal BMI change over 21 y 205 
postpartum.  Offspring of mothers who become overweight are 1.74 (95% CI=1.33,2.26) times 206 
more likely to be overweight and offspring of mothers who persistently remain overweight are 207 
nearly three times more likely to be overweight and five times more likely to be obese at 21 y 208 
compared to women who maintained normal weight postpartum. These associations are 209 
independent of a range of potential confounding factors.  210 
 211 
Discussion 212 
Using a 21 y prospective follow-up of mother-offspring pairs, we found that mothers who 213 
became overweight or remained overweight or obese  over two decades postpartum have 214 
children who are more likely to become overweight by age 21 y. We also found that an increased 215 
in BMI for a mother from pregnancy to 21 y postpartum is associated with her offspring having 216 
increased BMI by 21 y of age. These prospective associations are not explained by the potential 217 
confounding factors including maternal age, education and tobacco consumption during 218 
pregnancy, offspring birth weight, breastfeeding, adolescent TV watching, sports participation 219 
and family meals. The findings of this study suggest that if mothers maintain healthy weight or 220 
normal BMI over a long postpartum period, their offspring are more likely to have normal BMI 221 
and are at less risk of becoming overweight or obese by age 21 y. 222 
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                        Our results are in broad agreement with past research that maternal BMI is an 223 
important predictor of offspring BMI 3 4 7 17 18. In addition our study found that not only does 224 
maternal BMI before the index pregnancy predicts offspring BMI but that maternal BMI change 225 
over two decades is associated with offspring BMI. The strength of our study is its longitudinal 226 
design and follow-up till young adulthood. More importantly, we were able to adjust for 227 
potential confounding factors including maternal education, their age and tobacco consumption, 228 
birth weight of the children, sex, breastfeeding, children TV watching and their sports 229 
participation and family meal patterns when children were adolescents.                        230 
 There may be many factors which affect the child’s weight outcome. Both genetic and 231 
environmental factors may promote behaviors associated with weight change in children 19-22. 232 
Familial aggregation of certain behaviors including diet and physical activity have been 233 
attributed to genetic (as well as environmental) influences 23. It may be possible that overweight 234 
mothers put their children at risk of overweight partly by passing on their genetic propensity to 235 
gain weight. 236 
                     Previous research has identified similarities in parents’ and children’s dietary 237 
practices 24, food preferences 25 and physical activity 26. The role of the mother in determining 238 
lifestyle at home may also explain why more often maternal BMI is linked to the child’s BMI. 239 
Mothers usually remain responsible for the bulk of child-rearing. Mothers usually serve as role 240 
models for children’s eating and physical activity, and influence children’s access to food and 241 
opportunities for physical activity. It is noted that mothers with higher BMI participate in less 242 
activity, enjoy activity less, and consume a greater percentage of energy from fat 22. Children 243 
may adopt their level of physical activity and food preferences from their overweight mothers. 244 
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One  study has suggested that children as young as 5 y old demonstrate increased preferences for 245 
high fat foods if their parents are obese 27. There is also some evidence that disinhibited 246 
overeating has a genetic basis 28 and hence if overweight mothers are genetically predisposed to 247 
disinhibited eating, their children may share those genetic predispositions. This may influence 248 
the development of these eating behaviors in children. It is possible that higher BMI values are 249 
due to increasing age of both mothers and offspring. In our study, adjusting for a range of 250 
confounding factors including breastfeeding, maternal smoking, offspring TV watching, sport 251 
participation and attitude to having family meals together at 14 y, we found the associations 252 
between change in maternal BMI from pregnancy to 21 y postpartum and offspring BMI at 21 y 253 
remain robust. Research points to the contribution of both genetic factors and similarities in 254 
parents’ and children’s dietary and lifestyle which are likely to account for mother-offspring 255 
correlation in high BMI or obesity risk. However, it is currently not possible to determine 256 
whether genetic or environmental factors play a major role in explaining the associations 257 
observed in the present study. A large study with better biological measurements may help to 258 
resolve this uncertainty.   259 
The loss to follow-up in the MUSP cohort was considerable. This loss to follow-up is 260 
discussed in detail elsewhere 13. In general, participants lost to follow-up in the MUSP were 261 
disproportionately of lower socio-economic status. Mothers and offspring lost to follow-up were 262 
less likely to have completed high school, more likely to be in their teenage years at FCV, be 263 
single at FCV, be smokers and to have poorer mental health 13. The disproportionate loss of 264 
follow-up may lead to underestimates of the strength of associations (that is the loss of higher 265 
BMI mothers and children). We have previously used three strategies to assess the impact of 266 
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attrition on our estimates of association. Firstly, we have used multiple imputation resulting in 267 
only marginal changes in our findings. Secondly, we have undertaken sensitivity analyses 268 
modelling a wide variety of associations about the impact of those lost to follow-up 13. These 269 
have provided findings which do not differ substantially. Finally, we have undertaken 270 
comparative analyses using data from different cohort studies with different levels of attrition, 271 
with the conclusion that substantial variations in loss to follow-up generally have very little 272 
impact on the findings 29 .  273 
 We do not have good nutritional data during and post pregnancy. However, when we 274 
adjusted the associations for the maternal reported eating family meals together at 14 y follow-275 
up, the association remains consistent. Maternal reports of eating meals together are a proxy 276 
measure for better quality of overall family diets.  For instance, several studies have found that 277 
children and adolescents who eat dinner with family members more often are more likely to eat 278 
fruit and vegetables and are less likely to eat high-fat foods, convenience foods, and sweets and 279 
to drink large amounts of carbonated drinks 30-32.  Further studies are required with good 280 
nutritional data for both mothers and offspring.  Another limitation is that no serial 281 
measurements of maternal BMI were made in the postpartum period until the 21 y follow-up. 282 
With a serial measurement of maternal BMI, one can examine the changes in offspring BMI with 283 
the changes in maternal BMI over time with more precision utilizing generalized linear models.  284 
The findings of this study suggest that if mothers maintain normal weight over 21 y  285 
postpartum their children are more likely to avoid becoming overweight or obese when they 286 
grown up.  To further prevent the development of overweight and obesity for young adults, 287 
intervention programs should consider the maintenance of normal weight or encouraging a 288 
This is a post-print version of the following article: Mamun, Abdullah A., O'Callaghan, Michael J., 
Williams, Gail M. and Najman, Jake M. (2012) Change in maternal body mass index is associated with 
offspring body mass index: a 21-year prospective study. European Journal of Nutrition, 52 6: 1597-1606. 
©Springer 
reduced level of weight gain among mothers during their postnatal periods. However, further 289 
large scale studies with serial measures of maternal pre-pregnancy and postpartum weight and 290 
offspring weight over a long period of time are needed to confirm this finding. 291 
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TABLE 1: Maternal characteristics by maternal body mass index categories change from 391 
pregnancy to 21 y post-partum 392 
 N  Maternal BMI categories change from pregnancy to 
21 y postpartum 
P 
  Normal  before 
and at 21 y 
Normal before 
but overweight 




Total sample (%) 1992 37.90 47.39 14.71  
Maternal characteristics      
Maternal age at first clinic 
visit in years: mean±SD 
1992 25.60± 4.86 25.28± 4.90 27.09± 5.23 <0.001 
Maternal pre-pregnancy 
weight (kg): : mean±SD 
1992 52.25± 6.34 56.86± 6.52 75.32± 11.19 <0.001 
Maternal weight (kg) at first 
clinic visit (kg): : mean±SD 
1992 56.87± 7.20 62.19± 7.68 78.80± 11.08 <0.001 
Maternal weight (kg) at 21 y 
postpartum: : mean±SD 
1992 59.73± 6.76 78.99± 11.65 94.59±16.95 <0.001 
Maternal pre-pregnancy BMI 
(kg/m2): : mean±SD 
1992 19.56± 1.89 21.45± 1.92 28.70± 3.86 <0.001 
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Maternal BMI at first clinic 
visit (kg/m2):  mean±SD 
1992 18.32± 2.61 20.11± 2.93 25.34± 4.07 <0.001 
Maternal BMI (kg/m2) at 21 
y postpartum: mean±SD 
1992 22.35± 1.84 29.81± 3.91 36.05± 6.09 <0.001 
Change in maternal BMI 
from pre-pregnancy to 21yr  
FU : mean±SD 
1992 2.79± 2.03 8.35± 3.68 7.35± 5.58 <0.001 
Change in maternal BMI 
from first clinic visit to 21 y  
FU : mean±SD 
1878 4.05± 2.75 9.63±4.16 10.63± 6.06 <0.001 
Maternal smoking cigarettes 
before pregnancy  
     
None 1084 35.33 47.51 17.16 0.004 
1-20 Cigarettes per day 550 42.36 46.73 10.91 
20 or more cigarettes per day 345 38.84 47.83 13.33  
Maternal education      
Did not complete secondary 
education 
312 30.13 50.00 19.87 0.005 
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1276 38.79 47.02 14.18  
Completed further or higher 
education 
393 41.48 46.31 12.21  
Breastfeeding     
   Never 339 35.10 44.84 20.06 
   Less than 4 mo 716 36.03 49.72 14.25  
   4 mon and more 874 40.73 45.88 13.39 0.014 
      
* P indicates the significance level of the difference by offspring body mass index categories. 
We used an F test for a continuous data and a chi-squared test for categorical data. 
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TABLE 2: Offspring characteristics around birth and at 14 y follow-up maternal body mass 
index categories change from pregnancy to 21 y post-partum 
 N  Maternal BMI categories change from pregnancy 
to 21 y postpartum 
P 
  Normal  before 
and at 21 y 
Normal before 
but overweight 
at 21 y 
Overweight 
at both time 
 
Offspring characteristics      
Sex       
   Male 1015 36.26 48.87 14.88  
0.29    Female 977 39.61 45.85 14.53 
Birth weight (kg): mean±SD 1991 3.34± 0.48 3.39± 0.52 3.52± 0.57 <0.001 
TV Watching      
  <1 h per day 135 47.41 43.70 8.89  
 
0.011 
   1 to <3 h per day 531 40.87 47.08 12.05 
   3 to <5 h per day 526 34.79 49.24 15.97 
   ≥5 h per day 709 36.81 46.12 17.07 
Sports      
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    d 4–7 per week  957 36.68 47.65 15.67 0.34 
    d 0–3 per week 949 39.20 46.89 13.91 
Family attitude to having 
meals together 
     
   Not really important 182 37.91 45.60 16.48  
0.42    Quite important 868 36.87 47.00 16.13 
   Very important 859 39.58 47.26 13.15 
* P indicates the significance level of the difference by offspring body mass index categories. 
We used an F test for a continuous data and a chi-squared test for categorical data. 
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TABLE 3:  Mean difference in offspring body mass index by the change in maternal body mass 
index from pre-pregnancy to 21 y post partum (N=1807) 
Change in maternal BMI from 
pre-pregnancy to 21 y FU 





Mean difference in maternal BMI 
(kg/m2) change from pre-
pregnancy to 21y  
0.12(0.07,0.17) 0.11(0.06,0.15) 
Mean difference in maternal BMI 
(kg/m2) change from first clinic 
visit to 21y  
0.12(0.07,0.17) 0.12(0.07,0.17) 
Overweight/obesity pattern    
Normal before pregnancy and at 
21 y postpartum (ref. category) 
0 0 
Normal before pregnancy but 
overweight at 21 y postpartum 
1.28(0.83,1.74) 1.25(0.79,1.71) 
Overweight before pregnancy  
and at 21 y postpartum  
3.43(2.80,4.06) 3.46(2.81,4.11) 
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Adjusted: Results adjusted for maternal age in FCV, offspring sex, maternal smoking before 
pregnancy, maternal education, birth weight (in gm), breastfeeding, offspring TV watching, sport 
participation and family meals at 14 y.
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TABLE 4: Unadjusted and adjusted odds (multinomial logistic regression, normal BMI at 21 y as reference)   of being overweight 
and obese at 21 y by the change in maternal BMI from pre-pregnancy to 21 y postpartum (N =1807) 
Change in maternal BMI from pre-
pregnancy to 21 years FU 
Unadjusted 
Odds ratio (95% CI) 
Normal    Overweight      Obese 
Adjusted   
Odds ratio (95% CI) 
Normal         Overweight         Obese 
Mean difference in maternal BMI change 









Mean difference in maternal BMI change 









Overweight/obesity pattern        
Normal before pregnancy and at 21 y 
postpartum (ref. category) 
1.00 1.00 1.00 1.00 1.00 1.00 
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